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Abstract: Respiratory tract infections (RTI) are a major cause of mortality and morbidity in children. Several studies have aim
supplementation as a possible preventive measure against respiratory tract infections in children. Vitamin-D (sunshine vitamin) is
a type of prohormone with various functions like extracellular calcium ion maintenance, immunomodulation in the body. The three
major sources of Vitamin-D are Sun exposure, Diet and Supplements. The main objective of our study was to correlate the vitamin
D deficiency in children with RTI’s. A prospective observational study was conducted for 6 months inpatient of the Pediatric
department in tertiary care hospital. Demographic details, cause of admission, past medical and medication history, feeding history,
sun exposure was taken by interviewing the guardian. Data of a total of 25 pediatric patients with various respiratory tract infection
cases were collected, documented and their vitamin D levels were analyzed in our study. The vitamin D level of samples was
analyzed by Electro chemiluminescence immunoassay. Statistical methods were applied and significant differences were observed
among the vitamin D sufficient and deficient patients with RTI’s. It was observed that out of 25 cases, |6 cases had recurrent
respiratory tract infections and 9 had non-recurrent respiratory tract infections which statistically shows P value < 0.05. This study
significantly correlates vitamin D deficiency with respiratory tract infections in children. This study also suggests vitamin D as a
supplement therapy as it plays an important role in the innate and the adaptive immunity.
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I. INTRODUCTION

Respiratory tract infections are a major cause of mortality and
morbidity in children. Several studies states that lower levels
of vitamin D is associated with an increased risk of RTI’s.
Vitamin-D (sunshine vitamin) is a type of prohormone with
various functions in the body. Prohormone refers to a group
of Fat soluble secosteroids.

I.I  The two major forms of vitamin-D are

1) Vitamin D, (ergocalciferol)
2) Vitamin D; (cholecalciferol)’

RTIs are also a major cause of hospitalization in children
younger than 5 years, especially in infants whose rate of
hospitalization was about 1.3 times higher than the overall rate
in children aged 0-59 months, causing a substantial burden on
health care and impacting early childhood development.?
According to WHO in 2019 an estimated 5.2 million children
under 5 years mostly died from preventable and treatable
causes, one of the major cause of death in children is due to
respiratory tract infections (Pneumonia)® According to the
Public health foundation of India (2017) the major cause of
child mortality is lower respiratory tract infections (17.9%)°.
Epidemiological studies state that low levels of vitamin D is
associated with pulmonary function impairment'’. In recent
era, micro-nutrients are playing a major role as potential
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adjunctive immunotherapy to the polyvalent actions of vitamin
D for human deficit has been looked into and has been
associated with a number of different diseases''. Most of the
studies had concluded that decreased serum concentration of
vitamin D is associated with increased rate of respiratory tract
infections and decreased levels of vitamin D is seen in children
with respiratory tract infections'>. According to the study
done by Bergman et al it includes || randomized placebo
controlled trials. The summarized result shows that vitamin D
supplementation significantly decreases the risk of respiratory
tract infection'®. The study conducted by (maruotti) concludes
that there is a relation between vitamin D and immune
system.'* However, evidence regarding the effects of vitamin
D supplementation on susceptibility of infants and children up
to 12 years to RTl is limited. In this prospective observational
study, we examined the vitamin D levels of 25 children up to
12 years. The main aim of our study was to estimate the levels
of vitamin D in patients with respiratory tract infections and
our objective of the study was to find out the susceptibility,
severity of reoccurrence of RTI’s associated with vitamin D
status. The metabolism of vitamin D and its effect on the innate
and the adaptive immune system are explained in detail below
(Figure 1).

1.2 Sources of Vitamin D

The three major sources of Vitamin-D are Sun exposure, Diet
and Supplements.

l. Sun exposure Vitamin D is produced in the skin when exposed to UVA and UV B radiations.

Qil rich fish such as salmon,

2. Diet . o
Milk, yogurt, cheese, orange juice and cereals.
400- 1000 IU/day for children aged less than lyear.
3. Supplements 600-1000 IU/day for children aged 2 | year.

1500-2000 1U/day for adults aged = 19 years.

> Major sources of Vitamin-D are sunlight. Skin produces Vitamin-D when exposed to UV B radiation in summer months for
about 10-15 minutes of sun exposure. People with lighter pigmentation will generate 1000-2000 |U of vitamin D within 24 hrs

when exposed to the sun for the stipulated time >

> Lower vitamin D levels are seen in winter due to which there is an increase in respiratory tract infections.
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METABOLISM AND PHYSIOLOGICAL ACTIONS OF VITAMIN D:3
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Fig |: Metabolism of vitamin D

1.3 Role of Vitamin D in Innate and Adaptive Imnmunity

The active form of vitamin D ie, [,25(OH), D plays an
important role in the immunomodulatory functions which are
mediated through the VDR which is expressed in many cells
of the immune system such as T and B lymphocytes,
neutrophils, monocytes, macrophages and dendritic cells.
Several studies showed that Vitamin D supplementation was
protective against various respiratory tract infections. The
mechanism by which Vitamin D prevents RTI's is due to
increased expression of cathelicidin, regulation of cytokine
release and suppression of adaptive response by boosting the
innate immune system.* The two important cells in the innate
immune system which are involved in the recognition,
inactivation, and killing of microorganisms are monocytes /
macrophages and dendritic cells. These cells are also involved

in the activation and development of an adaptive immune
response as they present the antigens from the pathogen to
the resting B and T lymphocytes, which upon activation
expresses abundant VDR. Thus, under the influence of I, 25
(OH), D ,activated B lymphocytes reduce proliferation,
immunoglobulin  production, memory and plasma cell
differentiation. It also promotes the inhibition of T cell
differentiation and proliferation, Th | cell immune activity and
2 driven B cell immunoglobulin production. These effects
results in decreased production of inflammatory cytokines and
increased production of anti inflammatory cytokines such as IL
10.5 Therefore, 1,25 (OH), D vitamin D stimulates the innate
immune response in antigen presenting cells and at the same
time it inhibits any overzealous response in the adaptive
immune system to the offending antigens.
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1.4  Etiology of vitamin D deficiency in children:6

Vitamin D deficiency is common in children because of various
factors such as:

*  Decreased nutritional intake
* Decreased cutaneous synthesis because of various
cultural/ religious practices,

Pharma

*  Climatic changes

* Increased rate of exclusive breastfeeding

*  Lower maternal vitamin D levels

*  Practice of not taking the child out.This study is designed
to estimate levels of vitamin D in patients with respiratory
tract infections among and also to correlate the effect of
vitamin D deficiency in children with respiratory tract
infections.

Currently accepted standards for defining the vitamin D status in children and adolescents are as follows

S.no vitamin D levels

Normal values

Vitamin D sufficiency

25 (OH) D = 20ng/ml / = 50 nmol/l

Vitamin D insufficiency 25(OH ) D between |5 —20ng/ml or 37.5 -50 nmol/I

Vitamin D deficiency

25 (OH) D between 5- 15 ng/ml or 12.5 -37.5 nmol/l

Severe deficiency

25(OH) D < 5 ng/ml

v AW N —

Risk of toxicity

250 ng/ml

2. METHODOLOGY

A prospective observational cohort study was performed in
the inpatient pediatric department in Gandhi hospital for a
period of six months. The study period includes September
2019-February 2020. During this study period overall 25
samples are collected based on inclusion and exclusion
criteria. The inclusion criteria include collecting the blood
samples from the children who aged between |-12 years with
respiratory tract infections. The exclusion criteria include the
children who are already on vitamin D supplementations, and
those who have congenital skeletal disorders, congenital heart
diseases, congenital lung disorders, renal diseases. Also, the
children who are on medications affecting vitamin D
metabolism like phenytoin, phenobarbitone and sodium
valproate are excluded from the study.

2.1 Study Procedure

The study was carried out by collecting the Respiratory tract
infection cases and estimate the vitamin D levels. Study
protocol has been submitted to the Institutional ethical
committee (IEC), CMR College of Pharmacy, Hyderabad
before commencement of the study and Ethical clearance from

4. RESULTS

the committee was taken with the approval No:
CMRCP/IEC/2019-20/05. All procedures performed in the
study were conducted in accordance with the ethical
standards given in 1964 Declaration of Helsinki, as revised in
2013. A prospective observational cohort study was
conducted, which includes regular ward round participation in
the department of pediatrics. Based on the inclusion criteria
the cases with respiratory tract infections were identified. The
identified cases are documented in the data documentation
form. The samples were collected from the selected patients
and vitamin D levels were observed.The results were
supported by statistical analysis of the data.

3. STATISTICAL ANALYSIS

Data of a total of 25 pediatric patients with various respiratory
tract infection cases were collected, documented and their
vitamin D levels were analyzed in our study. The vitamin D
level of samples was analyzed by Electrochemiluminescence
immunoassay. A Chi square test was performed in the
Microsoft excel to analyze the various parameters. The
following tables depict the results of our study obtained from
the Chi square test.

The following table (Table 3) demonstrates different types of cases as per diagnosis:

| Pneumonia 16 64
2 Pulmonary TB 4 16
3 Hyper reactive airway disease 3 12
4 Bronchiolitis I 4
5 WALRTI I 4
6 Total 25 100

Data obtained from the above table indicates that most of the cases collected were pneumonia (64%), Pulmonary TB (16%), Hyper reactive airway
disease (12%), Bronchiolitis and WALRTI 4% each.

Vitamin D levels

deficiency normal

Total

No of cases 21

4 25

Based on the data collected, the cases with vitamin D deficiency levels were 21 and with normal vitamin D levels were 4.
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Deficiency I 5 5 21
Normal 3 0 I 4 0.532236
Total 14 5 6 25
X?=4.3302 P value = 0.532236

The relation between these variables was not significant as X ?=4.3302 which is greater than the P value.

In the above table (Table 5), a total of 25 cases have been
distributed according to their age groups. The highest number
of cases (14) has been observed in the age group |-4 years, 5

9-12 years. A Chi square test was performed to examine the
relation between age group and occurrence of vitamin D
deficiency in children with respiratory tract infections.

cases in the age group 5-8 years and 6 cases in the age group

[~ deficiency

] normal

number of cases

age(1-4)

age(5-8) age|9-12)

age wise distribution

Fig 2: Age wise Distribution of cases

Vitamin D levels male female total P values
Deficiency 13 8 21 0.656
Normal 2 2 4
total 15 10 25

X 2=0.3289 P value =0.656

Based on the data obtained, out of the 25 cases collected, |15 cases were of female and 10 cases were of male.From the data
obtained, it cannot be stated that vitamin D deficiency is found only in a particular gender as P> 0.05. Therefore, the relation
between these variables is found to be insignificant.

15
W
]
g
S 10 -
[
_E 5 | W deficiency
2 M normal

D -

male female
gender

Fig 3: Gender wise Distribution of cases

Table7 : Vitamin D status in recurrent and non recurrent RTI’s:

Deficiency I5 6 21
Normal [ 3 4 0.076
Total 6 9 25

X?=3.2224 P value =0.07
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The above table (Table 7) shows the distribution of the
recurrent and non-recurrent respiratory tract infection cases.
Based on the data obtained, it was observed that out of 25
cases, |6 cases had recurrent respiratory tract infections and
9 had non recurrent respiratory tract infections. Since the P

Pharma

value <0.05, the relation between the variables was found to be
significant. Therefore, we conclude that the vitamin D deficiency is
more common in the patients with recurrent respiratory tract
infections when compared to non-recurrent respiratory tract
infection cases.

20

W deficiency

number of cases
[y
o

rrii

RTI

B normal

nonrrtti

Fig 4: Vitamin D status in recurrent and non recurrent RTI

deficiency 6 15 21
normal 4 0 4 0.007
Total 10 I5 25

X?=3.231

P value =0.007

Based on the data obtained from the above table, 10 out of 25 patients had adequate sun exposure and |5 had inadequate sun
exposure. As the P value < 0.05, the relation between the two variables is found to be significant. Therefore, it can be stated that
the children with inadequate sun exposure had more chances of having vitamin D deficiency.

i6

14

12

10

W deficiency

number of cases
[+1]

W normal

ExXposure

sun exposure adequacy

nonexposure

Fig 5: Sun exposure adequacy and vitamin D status of subjects

Deficiency 9 6 5 I 21
Normal 4 0 0 0 4 0.221
Total 13 6 5 I 25

X?=4.3956 P value =0.221
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The table above shows the breast feeding status of cases. The
children who were given exclusive breastfeeding for 6 months
were |3, exclusive breastfeeding upto 4 months were 6,
partially breastfed were 5 and never breastfed were I. Since

Pharma

the P value >0.05, the relation between the two variables is
insignificant. It cannot be ascertained that vitamin Deficiency
occurs if the child is breastfed for a particular period of time.

14
12
g 10
g
% 8
5 . B DEFICI
E
5 4 B NORMAL
2 ETOTAL
0 I
6MONTHS AMONTHS PARTIAL NIL
breastfeeding status

Fig 6: Breastfeeding status of cases

5. DISCUSSION

This study was carried out by analyzing the vitamin D samples
of a total of 25 pediatric patients who were admitted with
various respiratory tract infections according to our inclusion
criteria. Out of the 25 cases collected, 16 cases were
diagnosed with pneumonia, 4 cases with tuberculosis, 3 cases
with HRAD, | case with bronchiolitis and | case with WALRTI
(table 3) . Therefore, based on our data the majority of the
cases with vitamin D deficiency were of lower respiratory
tract infections. This result is in support with the study
conducted by Dr. Chandrasekhar (2019)'"® who stated that
there is a significant correlation between vitamin D deficiency
and lower respiratory tract infections. Gender wise
distribution of the data shows a higher female: male ratio as
|5 samples were of female patients and |0 were of male (Table
6) . But it cannot be concluded that vitamin D deficiency is
prevalent only in a particular gender. Based on the data
collected, most of the cases collected were of the age group
-4 years but based on our statistical data, there was no
significant relation of age with vitamin D deficiency (Table 5).
These may be regarded as chance findings resulting from the
lack of matching cases in terms of age and gender as stated by
Wayse V (2004) '“in his study. This study highlights that
vitamin D deficiency was more significant in children with
recurrent respiratory tract infections and repeated admissions
into the hospital with various respiratory tract infections when
compared to children with non-recurrent respiratory tract
infections ( Table 7, Figure 4) . This finding was according to
the study conducted by Dr. Alladi YR (2017)"” who stated that
vitamin D deficiency was more prevalent in patients with
recurrent respiratory tract infections. It could be concluded
that vitamin D plays a protective role against the frequent
respiratory tract infections in children as it plays an important
role in the innate and adaptive immunity Bergman P ( 2013),
Laaksi | (2010)*.Our study reveals that the vitamin D
deficiency is more commonly observed in the samples of
children who had lesser exposure to the sunlight when
compared to the children with good exposure to the sun. The

information regarding the exposure of sunlight was obtained
by enquiring the child’s parents whether they had a practice of
exposing the infant to sunlight and also about how the child
was dressed when exposed to the sun (Table 8). This was
explained by Sakomoto RR (2019)'8 in his study which states
that sunlight plays a very important role in mitigating the
effects of vitamin D deficiency. We observed that the majority
of the children who were diagnosed with respiratory tract
infections and who had vitamin D deficiency were admitted in
the intensive care unit when compared to IPD. Thus, it was
observed that children with vitamin D deficiency had more
severe conditions. This was also observed in the study
conducted by Kulkarni SP in 2017".This study included the
breast feeding status of the children. It was observed that
there was not much difference in the vitamin D levels of
children who were exclusively breastfed till 4 months of age
and 6 months of age (Table 9, Figure 6) . Therefore, no
significant correlation was found between breastfeeding and
vitamin D levels as it depends mainly on the maternal vitamin
D status®. This observation was also supported by the study
conducted by Chowdhury R (2017)?'. Therefore, from our
findings we recommend explaining the importance of vitamin
D rich food or supplements to the exclusively breastfed
mothers and also children to optimize the overall pediatric
health as explained by Taylor SN (2020)** and Camargo CA *

6. CONCLUSION

Our study correlates the effect of vitamin D deficiency in
children with respiratory tract infections. It was also observed
that vitamin D deficiency is more common in the children with
recurrent lower respiratory tract infections. As vitamin D
plays an important role in the innate and adaptive immunity,
vitamin D can be recommended as a supplement therapy and
may also help to prevent the frequent LRTI’s and thereby
frequent hospital readmissions. Education regarding the
importance and timing of sun exposure must be done (half an
hour per day for 5-6 days/ week between 10 am to 3 pm) as
it is a major source of vitamin D.
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